Catalytic and regulatory ATP-binding sites of the red cell Ca2+ pump studied by irreversible modification with fluorescein isothiocyanate.
Catalytic and regulatory binding sites for ATP on the red cell Ca2+ pump have been investigated using fluorescein isothiocyanate (FITC). Both (Ca2+ + Mg2+)-ATPase activity and ATP-dependent Ca2+ flux are selectively and irreversibly inactivated by FITC and the pump is protected from FITC by the presence of ATP. The time course of inactivation by FITC is characteristically biphasic. Analysis of the kinetics of inactivation by FITC and protection by ATP reveals the participation of both high and low affinity binding sites for ATP and FITC. The sites binding ATP or reacting with FITC do not, however, appear to co-exist on the same enzyme molecules. Thus, "flip-flop" mechanisms for (Ca2+ + Mg2+)-ATPase, involving negative interactions between high and low affinity ATP sites, are considered unlikely. The two affinities for ATP are most simply explained by assuming that the Ca2+ pump protein exists in alternative conformational forms, E1 having a high affinity for ATP and E2 having a low affinity for ATP. Ca2+ pumping and (Ca2+ + Mg2+)-ATPase involve interconversion between these forms. It is suggested that regulation of Ca2+ pump activity by Mg-ATP reflects acceleration of the conformational transition between the E1 and E2 forms, as well as a previously described acceleration of phosphoenzyme hydrolysis (Muallem, S., and Karlish, S. J. D. (1981) Biochim. Biophys. Acta 647, 73-86; Garrahan, P. J., and Rega, A. F. (1978) Biochim. Biophys. Acta 513, 59-65).